Fish morbidity and mortality events in Chesapeake Bay tributaries have aroused concem over the health of this imprtant aquatic ecostem. We applied a recently described method for quantii mRNA ofa immunosuppressie cyoine, trforming growhactor (TGF-j) 
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Marine and freshwater models for environmental health research are receiving increasing attention (1) , and fish immunology is one focus of this attention (2) . The assessment of fish immune status in response to environtmental conditions has by necessity been dominated by assays not requiring species-specific or taxon-specific reagents. Examples include lymphoid organ weight and histology, hematology, serum protein and protein fraction quantification, disease incidence or response to pathogen challenge, lymphocyte blastogenesis, and macrophage and granulocyte functional assays measuring chemotaxis, phagocytosis, respiratory burst, and bactericidal activity (2) (3) (4) (5) . Recent studies in fish have focused on the detection of cytokines, proteins that regulate cellular and immune function. Evidence for the presence of specific cytokines in fish was indirect (6, 7) until the cloning and sequencing of transforming growth factor (TGF)- [ (8,9) . TGF-[s are cytokines with diverse functions that affect cell growth and differentiation, extracellular matrix regulation, wound healing, and immune function (10) (11) (12) (13) (14) .
TGF-[ immunoregulatory properties are primarily suppressive. Immune functions down-regulated by TGF-[B include the following: major histocompatibility complex and Fc receptor expression, some cytokine production, thymocyte proliferation, T-and B-cell proliferation, IgG and IgM production, IL-2 receptor expression, cytotoxic T-cell generation and function, lymphokine-activated killer and natural killer cell activation and function, macrophage activation, macrophage respiratory burst activity, neutrophil adhesion to endothelium, and hematopoiesis (13) .
Three isoforms of TGF-[ (-I3P - [32, and -[3) are expressed by mammals. In addition, one (- [34) has been identified from the chicken, and one (-[35) from the African clawed frog, Xenopus laevis. TGF- [4 and - [35 are considered homologues of mammalian TGF-13I (15) . TGF-jI is the major TGF-[ isoform within the context of the mammalian immune system (10 We collected fish by 4.9-m semiballoon otter trawl in 10-min tows starting between 0715 and 0918 hr. Twenty-four white perch > 170 mm total length from each site were collected and transported 15-30 min in a live well to shore for processing. Nonquantitative observations of skin lesions were made before the release of menhaden captured incidentally.
Fish processing. White perch were euthanized with an overdose of tricaine methanesulfonate. We recorded the weight and total length and noted the presence of external lesions. Fish were bled from the caudal vein for related hematology studies, and to reduce peripheral blood mononuclear cell content of anterior kidneys and spleens. We determined packed cell volume (PCV) and plasma total solids by refractometry on site. Spleens and anterior kidneys were aseptically harvested for TGF-P mRNA quantification and cellular immunoassays. Sex was determined by internal examination.
TGF-P RT-qcPCR (spleen). We placed spleens from 10 white perch in sterile transport medium [RPMI 1640 plus 10% heatinactivated fetal bovine serum (FBS), 100 U/mL penicillin, 100 pg/mL streptomycin, 2 mM EDTA; subsequently referred to as complete RPMI] at 40C. The perch were transported on wet ice by overnight courier to the laboratory, where they were processed for TGF-~mRNA quantification.
We prepared mononudear cells for RTqcPCR as previously described (9). Spleens were minced finely, forced through a fine wire mesh, and resuspended in complete RPMI. Spleen homogenates were centrifuged on two-step Percoll gradients (specific gravity 1.053 and 1.066 We performed RT-qcPCR based on a previously described procedure (30) that was further developed using primers and competitive fragments specific for teleost fish TGF-1 and ,B-actin (9t). Each competitive PCR contained 2.5 PCR products were separated in 2% agarose gels in TAE, stained with ethidium bromide, and photographed on a 300-nm ultraviolet transilluminator. The images were digitized and analyzed with the Alphaimager 2000 Documentation and Analysis System (Alpha Innotech Co., San Leandro, CA). We measured fluorescence of target and competitor bands in each lane; these were expressed as area under the curve. We compensated for fluorescence differences due to molecular weight differences by the formula: 18 .0-27.8°C, 2.4-6.9 mg/L, 7.1-8.8, 0.0-9.9 g/L, and 1.2-9.0 m, respectively (Table 2) .
Splenic mononuclear cell TGF-f:3-actin ratios varied significantly by collection site and month (Kruskal-Wallis test, p < 0.0001; Figure 1 ). Although TGF-, transcription was greatest initially from Back River fish in June, over the course of the sampling period the levels remained relatively constant while they increased in fish from the Eastern Shore tributaries. The increase was greatest for fish from the Wicomico River.
Anterior kidney macrophage bactericidal activity also varied significantly by collection site and month (Kruskal-Wallis test, p Production of TGF-P varies during development (12) ; therefore, it could vary according to age even in adult fish. In this study, the age of white perch was assessed indirectly by length and weight, which correlate with age in white perch (34) . There were no significant length and weight differences between samplings, and TGF-,B mRNA levels did not correlate with either length or weight, suggesting that age was not a factor in TGF-P differences. Sex and reproductive status could also affect TGF-3 production because estrogens induce the production of both TGF-I 1 and TGF-P2 in mammals (35).
However, there were no significant differences in sex distribution between samplings, and there was no correlation between TGF-[:3-actin ratios and sex. White perch spawn from late March to May in the Chesapeake (34) . Outdoor laboratory-reared white perch from the Roanoke River in North Carolina spawned in nearly the same time frame and had basal concentrations of testosterone and estradiol from June through October (36) . Reproductive status and sex therefore most likely had no effect on the immunologic assays in this study. Of the physical conditions measured at the sample sites, none of the following correlated with TGF-4:P-actin ratios or macrophage bactericidal activity: air temperature, water temperature, pH, depth, and dissolved oxygen. Hypoxic conditions have been suggested as a possible factor in the development of menhaden ulcerative lesions (27) , as well as other fish morbidity and mortality events in estuarine environments. Dangerously low dissolved oxygen (2.4 mg/L) was detected in a bottom-water sample from the Choptank River in August, although the surface water level was an acceptable 5.5 
